Background-Gender differences in dyslipidemia are widely documented, but the contributors to these differences are not well understood. This study examines whether differences in quality of care, intensity of lipid-lowering medication regimen and medication adherence can explain this disparity.
Introduction & Background
Heart disease is the most common cause of death for both men and women with diabetes (Gregg, Gu, Cheng, Venkat Narayan, & Cowie, 2007; Moss, Klein, & Klein, 1991) . However, reductions in rates of all-cause and cardiovascular-related mortality observed for men with diabetes since the 1970's have not been observed for women (Dale, Vatten, Nilsen, Midthjell, & Wiseth, 2008; Gregg et al., 2007) .
Studies have explored a number of plausible contributors to the apparent gender disparities in cardiovascular disease (CVD) among patients with diabetes (Vaccarino, 2010; Vimalananda, Miller, Palnati, Christiansen, & Fincke, 2011; Wenger, 2007; Xhyheri & Bugiardini, 2010) . Such factors have included gender differences in cardiac physiology (Avogaro et al., 2007; Gouni-Berthold, Berthold, Mantzoros, Böhm, & Krone, 2008; Steinberg et al., 2000) , presence of multiple chronic conditions (Avogaro et al., 2007) , behavioral factors (such as medication nonadherence; Lewey et al., 2013) , styles of patientprovider communication (Elderkin-Thompson & Waitzkin, 1999; Hall & Roter, 1995) , risk perceptions (Homko et al., 2010; Mosca et al., 2000) and socioeconomic barriers (such as poorer access to care; Brooks et al., 2010; Glied, Jack, & Rachlin, 2008; Ostadal & Ostadal, 2013; Patchias, Waxman, & Fund, 2007; Rustgi, Doty, Collins, & Fund, 2009) . Some have hypothesized that women with diabetes may receive poorer quality of care compared to men, suggesting a gender bias among providers (Fisher, Brenner, Cheren, & Stange, 2013; Hvelplund et al., 2010; Tobin et al., 1987; Xhyheri & Bugiardini, 2010) .
Gender disparities in lipid management may be a particularly important contributor to suboptimal CVD outcomes in women with diabetes (Gouni-Berthold et al., 2008) . Women with diabetes have been shown to have less well-controlled LDL cholesterol levels than men and to be less likely to have received lipid-lowering medications (Gouni-Berthold et al., 2008; Wexler, Grant, Meigs, Nathan, & Cagliero, 2005) even though their risk of developing coronary artery disease is similar to that of men with diabetes (Kalyani et al., 2013) .
Evidence for the relative contribution of a number of these factors to gender disparities in cardiovascular outcomes remains controversial (Vaccarino, 2010; Vimalananda et al., 2013; Xhyheri & Bugiardini, 2010) . Although the presence of gender differences in adherence to statin therapy is well-supported by a meta-analysis of 53 studies (Lewey et al., 2013) , prior studies on gender disparities in dyslipidemia did not explicitly assess the degree to which gender differences in lipid levels can be explained by differences in adherence to intensive lipid-lowering medication regimens (Gouni-Berthold et al., 2008; Wexler et al., 2005) . To examine the contribution of quality of care, intensity of the lipid-lowering medication regimen and medication adherence to gender disparities in lipid management we report here analyses of data from the Reducing Racial Disparities in Diabetes with Coached Care study (R2D2C2, ClinicalTrials.gov identifier: NCT01123239; Kaplan, Billimek, Sorkin, NgoMetzger, & Greenfield, 2013) . The R2D2C2 study employs data from multiple data sources in an ethnically and socioeconomically diverse sample to identify key contributors to disparities in diabetes care.
The present study has three objectives. First, we examine differences between men and women in lipid control, the overall quality of diabetes care they receive, the intensity of medication regimen they are prescribed, and adherence to their medication regimens. Second, we evaluate whether women are more or less likely than men to report medication nonadherence (both nonadherence related to cost and nonadherence related to side effects) following intensification of the lipid lowering regimen. Third, we present a model examining the degree to which gender differences in each of three areas: (1) quality of diabetes care, (2) regimen intensity and (3) medication nonadherence contribute to gender disparities in dyslipidemia.
Methods

Study population
The R2D2C2 study has been described in detail elsewhere (Kaplan et al., 2013) . Under the oversight of the University of California, Irvine Institutional Review Board, the study included a cross-sectional observational study component that enrolled a sample of patients from seven outpatient clinics affiliated with an academic medical center. The patient sample was drawn from a diabetes registry representing all adult patients with a diagnosis code for type 2 diabetes who had at least one encounter with a family medicine, internal medicine, or endocrinology provider within a 12 month period and who spoke Spanish, English or Vietnamese. The analytic sample for this study (N=1,369) included 555 men and 814 women with type 2 diabetes, and was similar in demographics and disease-related characteristics to the registry population (Kaplan et al., 2013) . Data were collected from May 2006 through June 2011.
Measures
Upon providing informed consent to the study, all study participants completed a baseline questionnaire. Medical records were abstracted for the 12-month period leading up to the date the questionnaire was completed. Participant characteristics, including age, sex, race/ ethnicity, insurance type, history of heart disease and body mass index (BMI) were collected from the medical record. Comorbidity was assessed from the patient questionnaire using a 38-item version of the Total Illness Burden Index (TIBI; Malik et al., 2013) , which summarizes the presence and severity of the patient's conditions and symptoms comorbid to diabetes and heart disease. Years of education was also collected from patient report. Laboratory values and blood pressure were abstracted from medical records.
Quality of Diabetes Care-Performance of five recommended processes of care (annual assessments for hemoglobin A1c, lipids, and microalbuminuria; annual foot exam and annual dilated eye exam) was assessed from the medical record for the 12 month period preceding the date the patient completed the baseline questionnaire. Attainment of recommended targets defined according to American Heart Association and American Diabetes Association guidelines was also assessed for LDL cholesterol (less than 100 mg/ dl), HDL cholesterol (greater than 50 mg/dL for men and greater than 60 mg/dl for women), systolic blood pressure target (less than 140 mmHg) and A1c (less than 8%) using the most recent value prior to the baseline questionnaire date.
Regimen intensity-Regimen intensity for hyperlipidemia, hypertension and hyperglycemia treatment was assessed by determining the number of medication classes prescribed for each cardiovascular risk factor at baseline. Five medication classes were included for hyperlipidemia (statins, bile acid resins, fibrates, niacin and ezetimibe), eight for hypertension (ACE inhibitors, alpha blockers, angiotensin antagonists, beta adrenergic blockers, calcium channel blockers, thiazides/related diuretics, potassium-sparing diuretics, and loop diuretics); and eight for hyperglycemia (biguanides, sulfonylureas, thiazolidinediones, DPP-4 inhibitors, alpha-glucosidase inhibitors, meglitinides, GLP-1 agonists, and insulin). To examine the impact of regimen intensification on subsequent medication adherence, we also identified patients who had a new class of lipid medications added in the 12 month period leading up to the baseline questionnaire date (collected between 2006 and 2011).
Medication nonadherence-Medication nonadherence was measured from the baseline questionnaire using seven items (Safran et al., 2005 ) that assess both the extent and reasons for nonadherence. Cost-related nonadherence was measured as a composite of three items asking how frequently respondents deviated from their physicians' instructions due to the monetary costs of the regimen. Nonadherence related to side effects was measured as a composite of four items asking how frequently respondents deviated from their physicians' instructions due to side effects or other negative experiences with the medication. Each of these composite scales was scored as dichotomous variables, with patients reporting nonadherence on at least one item coded as "reporting nonadherence" (1), and those reporting no deviations from their prescribed regimen "not reporting nonadherence" (0; Billimek & August, 2013) .
Data Analysis
We compared men and women's baseline demographic and disease-related characteristics using independent samples t-tests (for continuous variables) and chi-square tests (for categorical variables). We then used ordinary least squares regression to assess gender differences in lipid levels after adjustment for age, education, race/ethnicity, insurance status, history of coronary heart disease and comorbidities. The proportions of women versus men attaining recommended process and outcome targets for quality diabetes care, taking an intensive medication regimen for glycemic, lipid and blood pressure control, and reporting medication nonadherence were compared using logistic regression models adjusted for the same set of covariates. The association between treatment intensification (the addition of a new lipid medication) and subsequent medication nonadherence was assessed using logistic regression models adjusting for age, education, race/ethnicity, and compared between men and women by testing for a gender by treatment intensification interaction in the model. Finally, the degree to which lipid regimen intensity (number of lipid medications currently prescribed) and medication nonadherence were each associated with LDL cholesterol levels was assessed using a linear regression model, also including the covariates noted above. All analyses were performed using SPSS Statistics version 21.0 (SPSS, Chicago, Illinois, USA).
Results
Compared to men, women in the sample had fewer years of education, more women were of Hispanic race/ethnicity, fewer women had commercial insurance, and women had greater comorbidity as measured by the TIBI (Table 1 Similar proportions of women and men were on intensive diabetes regimens including 2 or more oral hypoglycemic agents and/or insulin, and intensive blood pressure regimens including two or more classes of blood pressure medications (see Table 3 ). However, fewer women (11.2%) than men (15.8%) were prescribed two or more lipid-lowering medications (unadjusted OR Examination of the reported reasons for nonadherence revealed that intensifying the regimen by adding a new lipid lowering medication was not associated with greater cost-related medication nonadherence for men or for women (Figure 1) . However, the addition of a lipid medication was associated with greater medication nonadherence related to side effects of the medication for women but not for men (p-value for the gender by medication intensification interaction = 0.048). Nonadherence related to side effects was reported by 41.0% of men for whom a new lipid lowering drug was added to their regimen compared to 35.5% of men for whom a new medication was not added (aOR [95% CI]: 1.17 [0.76, 1.81], p=0.45). More women for whom a new lipid medication was added (59.6%) reported nonadherence related to side effects of the medication compared to those for whom a new lipid medication was not added (41.5%; aOR [95% CI]: 2.12 [1.52, 2.96], p<0.001). Adding new antihyperglycemic and blood pressure medications carried no association with nonadherence due to cost or due to side effects in either gender (data not shown).
In a multivariable regression model that included gender, age, insurance type, race/ethnicity, history of heart disease, comorbidity, regimen intensity (number of classes of lipid lowering medications), nonadherence related to cost and nonadherence related to medication side effects, the adjusted mean LDL cholesterol level for women was 6.5 mg/dl higher (95% CI: 2.1, 10.8; p=0.004) than for men (see Table 4 ). For both genders, age was associated with lower LDL cholesterol (0.5 mg/dl lower per year of age; 95% CI: -0.7, -0.2; p<0.001), as was Vietnamese race/ethnicity (9.9 mg/dl lower compared to non-Hispanic white patients; 95% CI: -16.9, -2.8; p=0.006), and history of heart disease (8.3 mg/dl lower than patients with no history of heart disease (95% CI: -14.2, -2.5; p=0.005). A more intense regimen of lipid lowering medications was associated with lower LDL cholesterol for both genders (3.8 mg/dl per additional class of lipid lowering medication prescribed; 95% CI: -7.3, -0.3; p=0.033). Patients of either gender who reported medication nonadherence related to side effects, however, had LDL cholesterol levels 6.3 mg/dl higher (95% CI: 2.0, 10.7; p=0.043) compared to patients who did not.
Conclusions & Discussion
Numerous studies have found a gender disparity in cardiovascular risk factors and outcomes and have attempted to illuminate the mechanism behind it (Vaccarino, 2010; Wenger, 2007; Xhyheri & Bugiardini, 2010 ). In the current study of an ethnically and socioeconomically diverse sample of diabetes patients, women were found to have higher levels of LDL cholesterol than men, despite receiving diabetes care of comparable quality to the care received by men. This finding is consistent with other studies (e.g. Gouni-Berthold et al., 2008; Vimalananda et al., 2011) . Also consistent with prior research (e.g. Vimalananda et al., 2011) , unadjusted comparisons showed that fewer women than men received intensive treatment for lipids. After adjusting for SES, insurance type and comorbidity in the current study, however, this difference in regimen intensity was not statistically significant, which suggests that factors other than gender bias in prescribing patterns explain the less intensive regimens observed for women.
Although women in this sample were no less likely than men to be put on an intensive lipidlowering regimen, differences in how women versus men responded to regimen intensification may have contributed to the observed gender disparity in lipid control. Consistent with other studies (e.g. Parris, Lawrence, Mohn, & Long, 2005) , results from the multivariable model suggest that, for both genders, the lipid-lowering benefit of being on an intensive regimen was diminished for patients who become nonadherent to the regimen. Women in the current study were more likely than men to be nonadherent to their regimen overall, as reported elsewhere (Lewey et al., 2013; Parris et al., 2005) , but were particularly likely to report nonadherence following regimen intensification.
Building on prior work, which relied on medical records data to assess adherence (Parris et al., 2005; Pedan, Varasteh, & Schneeweiss, 2007; Vimalananda et al., 2011) , the current study examined reasons for nonadherence obtained from a patient-reported measure. Examination of the reasons reported for nonadherence revealed that adding a new lipid medication was associated with a greater than two-fold increase in the adjusted odds of reporting nonadherence due to side effects in women, but no increase in nonadherence due to side effects in men. Neither women nor men experienced higher rates of nonadherence related to cost following the addition of a new lipid medication. Taken together, these findings suggest that efforts to manage side effects may be particularly helpful to reduce nonadherence and to improve outcomes in women initiating new lipid-lowering medications. To maximize the benefit of regimen intensification to reduce LDL cholesterol, providers should routinely evaluate the side effects of lipid-lowering medications experienced by patients at regular intervals and discuss options to adjust the dosages or classes of medications prescribed until an acceptable option is identified.
Limitations
This study employed secondary analysis of a dataset with a number of strengths, including a diverse sample, the availability of a patient-reported measure of both the extent of and reasons for nonadherence (Billimek & August, 2013) , and the assessment of regimen intensity from medical records for a period immediately preceding the collection of patientreported measures. The dataset also has some important limitations. First, nonadherence is assessed from a single patient-reported measure, which may underestimate the extent of nonadherence among patients in the sample (DiMatteo, 2004) . A strength of the specific measure we used, however, is that it assesses the patient's reasons for nonadherence, which are not captured in other types of measures such as medication possession ratios or pill counts (Voils et al., 2012) . Second, the dataset includes chart review data indicating the number of classes of antihyperglycemic, lipid and blood pressure medications prescribed and whether a new medication from one of these classes was added in the previous year, but does not indicate the specific classes of medications that were prescribed (e.g. whether the medication was a statin or a fibrate) or the dosage of the medications. Although further study would be required to examine the impact of specific medication classes or dosages on successful lipid management, the data presented here suggest that lipid regimen intensification as it was performed in practice was associated with greater nonadherence due to side effects in women.
Because medication nonadherence was assessed after, but not before, regimen intensification, we cannot determine the temporal direction of the association between these two variables (e.g. whether nonadherence increased after regimen intensification, or if patients with a history of nonadherence were more likely to have their regimens intensified). Finally, given that a significant gender difference in LDL cholesterol is observed in the multivariable model adjusting for nonadherence, regimen intensity and numerous other covariates, and that much of the variation in LDL cholesterol remains unexplained by this model, it is clear that a number of unmeasured factors could contribute to disparities in outcomes between men and women. Future studies may reveal additional important biological and behavioral mechanisms that drive the gender differences observed.
Implications for Practice
Despite receiving diabetes care of comparable overall quality and being prescribed lipidlowering medication regimens of similar intensity, far fewer women than men achieve adequate lipid control. Although intensive lipid-lowering medication regimens help lower LDL cholesterol, side effects from intensified regimens may lead to nonadherence and diminished benefit for women, more so than for men. This suggests that efforts to improve quality of diabetes care on traditional process measures, and guidelines recommending intensive lipid-lowering therapy for individuals with diabetes may not be adequate to close the gender disparity in lipid management. Efforts to tailor regimens over multiple visits and to help patients effectively manage side effects of intensive therapy may reduce nonadherence following treatment intensification, and lessen the observed gender disparity in LDL cholesterol control. Comparing the association of treatment intensification with patient-reported cost-related nonadherence and nonadherence related to side-effects of the medication across genders. After adjustment for age, education, race/ethnicity and insurance status, the test for gender by regimen intensification interaction is significant for nonadherence related to side effects (p=0.048). Error bars represent 95% confidence intervals. 
